Transformation of resistance to antibiotics was observed in Diplococcus pneumoniae by Hotchkiss (1951 Hotchkiss ( , 1952a Hotchkiss ( , 1952b and in Haemophilus influenzae by Alexander and Leidy (1953) and Alexander et al. (1954) . In all these species only certain strains were capable of being transformed. The ability to be transformed has been termed competence; refractory strains are not competent. Austrian (1952) has suggested that the structure of the cell surface determines the competence of pneumococci. This could be considered as strain competence. In Haemophilus influenzae, only a portion of a given population of R cells proved to be competent for transformation. Alexander and Leidy (1951) suggested that such cellular competence may arise by mutations which introduce a specific somatic antigen that functions as a receptor. Alexander et al. (1954) found that the proportion of competent cells varied with the phase of the growth cycle of the recipient population. The However, the total number of transformed cells was independent of this ratio.
In contrast, Hotchkiss (1954) In all cases so far described transformation has been demonstrated to occur in only a small fraction of the total population exposed to DNA. It is not known whether the cells which are not transformed are incapable of being transformed or whether they are competent but fail to receive the genetic determinant which controls characteristics under investigation. This paper presents evidence suggesting that all of the cells are capable of being transformed and that cellular competence actually is dependent upon the concentration of specific DNA.
MATERIALS AND METHODS
The cultures and media used and the method for preparation of DNA are the same as described in detail in the previous papers of this series Starr, 1957a, 1957b) .
Selection of streptomycin (Sm) resistant mutants.
The techniques of selection of streptomycin resistant mutants are the same as those described in Corey and Starr (1957b) . Transformation of Sm resistance. The protocol used was identical to the protocol for the transformation of colony type. In brief, the complete system consisted of DNA and receptor cells in complete broth; the cells were plated after 2 hr incubation at 30 C.
Determination of transformation to Sm resistance. Unless it is specifically noted, cell suspensions which had been exposed to DNA were spread, after dilution, on the surface of plates containing 10 ml of YDC agar. After incubation for 12 hr, 10 ml of clear yeast-glucose-agar ( Escherichia coli (prepared by same procedure as DNA from Xanthomonas) decreased the number of transformed cells. However, heterologous DNA's of a concentration 1,000 times that of the DNA from Sm resistant cells failed to prevent transformation. On the other hand, when the specific (Sm resistant) and nonspecific (Sm sensitive) DNA's were added at the same time, even 1,000-fold greater concentration of nonspecific DNA did not prevent transformation. These results corroborate those of Alexander et al. (1954) , although different transforming systems were used.
Effect of concentration of DNA. Equal samples of a single population of Sm sensitive cells were exposed, in a final concentration of 1 X 108 cells per ml, to DNA from Sm resistant cells ranging in concentration from 80.0 to 0.0000008 ,ug per ml. DNase was added after 1 hr, and the appropriate dilutions were plated on YDC agar layered with Sm agar after 6 hr incubation at 30 C. Figure 2 shows the effect of DNA concentration on the ratio of transformed cells to total cells. The plot of the logarithm of the ratio of transformed cells to total cells against the logarithm of the concentration of DNA is linear in the region below 0.08 ,ug of DNA per ml. Above this point an increase in the concentration of DNA only slightly increased the proportion of transformed cells; further increase beyond 8 ,ug DNA per ml decreased the number of transformed cells. Two explanations may be involved. First, there may be a limiting proportion of the cells susceptible to transformation. Second, there may be competition between DNA molecules for the cells as the concentration of DNA approaches the concentration at which there is sufficient DNA to react with each cell.
It can be interpolated from figure 2 that at least 4 X 10-7 Mig DNA is required to transform one cell in 1 X 108 cells for Sm resistance. Assuming a mol wt for DNA of 4 X 106 this would represent approx 6 X 104 molecules of DNA.
The DNA varied from 6 to 12 per cent of the dry cell wt in different preparations; this range of DNA corresponds to approx 2 to 5 X 103 molecules of DNA per cell. If each cell contains only one molecule of DNA for Sm resistance, then the ratio of this molecule of DNA to the total molecules of DNA obtained from one cell would correspond roughly to the ratio of transformed to total cells. This may indicate that all of the cells in the population are transformed, although this correspondence could be fortuitous.
If the DNA concentration of 0.1 Ag/ml in figure 2 is the point at which there is barely sufficient DNA to react with each cell, dilution of the specific DNA with nonspecific DNA at lower concentrations should change the proportion of DNA molecules carrying Sm resistance among the total DNA molecules without competition for the cells. DNA prepared from Sm sensitive cells was used as nonspecific DNA; DNA prepared from Sm resistant cells was used as specific DNA. If the concentration of DNA was less than 0.1 ,g/ml, a 10-fold dilution with nonspecific DNA gave a 10-fold decrease in the number of transformants, a 100-fold dilution a 100-fold decrease, and a 1,000-fold dilution a 1,000-fold decrease. This indicates that as the ratio of DNA for Sm resistance to total DNA is changed the ratio of transformed to total cells shows a corresponding change. However, the addition of nonspecific DNA inhibited transformation if the total concentration of DNA was greater than 0.1 jig/ml. At these concentrations, a 10-fold dilution with nonspecific DNA gave 20-to 100-fold decrease in the number of transformants, a 100-fold dilution gave almost complete inhibition of transformation, and a 1,000-fold dilution completely inhibited transformation.
Both Streptomycin-sensitive cells were transformed to streptomycin resistance by deoxyribonucleic acid from streptomycin resistant cells. A phenomic delay is encountered after transformation of streptomycin resistance during which the cells are genotypically streptomycin resistant and phenotypically streptomycin sensitive, or the process of transformation involves a time lag. The cells used as the source of DNA were onestep mutants resistant to at least 2,000 ,ug streptomycin per ml, and the transformants for streptomycin resistance were also resistant to at least 2,000 ,ug streptomycin per ml.
The addition of antiserum or a second preparation of deoxyribonucleic acid prior to addition of specific deoxyribonucleic acid prevents transformation. This suggests that strain competence may involve a deoxyribonucleic acid receptor site at the cell surface. Evidence is presented suggesting that all of the cells are capable of being transformed and that cellular competence represents the fraction transformed for the character under investigation.
